These experiments were conducted to evaluate the feeding value of rice protein concentrate (RPC) in weaning pigs. In expt. I, a 5-week feeding trial was conducted with 126 pigs (L×Y×D; 21 d-old; 5.32±0.34 kg). Treatments were spray-dried plasma protein (SDPP; control), soy protein concentrate (SPC) and RPC (phase 1), and dried porcine soluble (DPS; control), SPC and RPC (phase 2). An ileal digestibility trial was also conducted to compare digestibility of amino acids in the tested protein sources. In expt. II, 160 weaning pigs (L×Y×D; 21 d-old; 5.65±0.35 kg) were used in a 5-week feeding trial to determine the optimal inclusion level of RPC in the diet. Treatments were control (9% SPC), and three levels of RPC instead of SPC in the diets (3, 6 and 9%). During phase 1, pigs fed SDPP showed better (p<0.05) ADG and FCR compared with those fed SPC or RPC, while there was no difference in ADFI among treatments. During phase 2, however, pigs fed DPS showed lower (p<0.05) ADG than those fed SPC or RPC. During the total period, there were no significant differences in ADG, ADFI and FCR among treatments. The apparent ileal digestibilities of his, lys, phe, thr and met were not different among the tested protein sources. The apparent ileal digestibilities of arg, ile, leu and val were lower (p<0.05) in RPC than SDPP. The true ileal digestibilities of arg and leu were lower (p<0.05) in RPC than SDPP and SPC. However, that of met was higher (p<0.05) in RPC than SDPP. In expt. II, there were no significant differences in ADG and FCR when SPC was substituted with RPC up to 9% during the total period. In conclusion, based on our experimental results, RPC would replace SPC in the complex prestarter diet, which is somewhat cheaper than SPC. (Asian-Aust.
INTRODUCTION
Soybean meal (SBM) is widely used as protein source in animal feeds throughout the world. However, young animals such as calves and piglets are sensitive to the antigenetic activity of SBM due to antinutritional factors (ANFs), so these animals suffer poor growth and digestive disorders when fed SBM (Lalles et al., 1993) . Extruded full-fat soybeans were also tested as an alternative to soybean meal for use in weaned pig diets with some success (Qiao et al., 2003) .
In fact, milk products such as dried skim milk and dried whey are typical feed ingredients in young pigs, due to their high palatability and digestibility, but these are somewhat expensive. Therefore, specially processed soy products such as soy protein concentrate (SPC) and soy protein isolate (SPI) is used in the starter diet. SPC is prepared from soybeans by removing most of the fat and water-soluble, non-protein constituents, and SPI is prepared by removing the majority of water-soluble, non-protein components from dehulled SBM (Kolar et al., 1985; Snyder and Kwon, 1988; Cromwell, 2001) . It was reported that SPC and SPI provide equal or improved growth performance as compared with milk-based diets (Sohn et al., 1994) .
Animal protein sources like spray dried plasma protein (SDPP) and dried porcine soluble (DPS) are also used in young pig diets. SDPP increases feed intake (Ermer et al., 1994; Kats et al., 1994; Chae et al., 1999) and immunity (Zimmerman, 1998; Kim et al., 2001) , resulting in improved daily gain. However, it is highly expensive compared to other protein sources. Due to the high price of SDPP, efforts were made to replace SDPP with DPS in young pigs (Zimmerman, 1998; Kim et al., 2000; Kim et al., 2001) .
Recently, rice protein concentrate (RPC) was introduced in the feed industry. It contains 75% crude protein and 4,381 kcal/kg ME in pigs. RPC is made from milled rice by extraction of fat and carbohydrates (Anonymous, 2003) . However, the results of feeding RPC have not yet been reported for weaning pigs.
Therefore, these experiments were conducted to evaluate the feeding values of RPC (comparative growth performance with other protein sources, especially with SPC, optimal dietary level, and ileal digestibility of amino acids) in weaning pigs.
MATERIALS AND METHODS

Feeding and digestibility trial
In expt. I, a feeding trial was conducted with a total of 126 weaning pigs (Landrace×Yorkshire×Duroc; 21 d-old; 5.32±0.34 kg initial body weight) for 5 weeks to compare the effects of feeding RPC, animal protein and SPC at a commercial farm in Korea. For the feeding trial, piglets
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were allotted to three treatments (3 replicates/treatment) on the basis of sex and body weight (gender ratio was 50:50). During phase 1 (0-2 week post-weaning), as shown in Table 1 , 8% SDPP was used for the control group, 4% SPC and 4% RPC were used, respectively, for treatment groups. During phase 2 (3-5 week post-weaning), however, DPS was included for the control group, while 5% of SPC and RPC were mixed in the test groups, respectively. Chromic oxide was added (0.25%) for the determination of apparent fecal nutrient digestibility.
The pigs were allowed ad libitum access to feed and water during the 35-d growth assay. Dietary lysine levels for phases 1 and 2 were 1.6% and 1.45%, respectively, and all diets were mash. The protein sources used in this study were SDPP (APC, USA), DPS 30 (Nutra-Flo, USA), SPC (Euroduna, German) and RPC (Jungjin Co. Ltd., Korea).
To study apparent fecal digestibility of nutrients in experimental diets, during the 3rd and 5th weeks of the feeding trials, fecal samples were taken from 4 pigs in each pen and pooled by pen (3 samples per treatment). Feces were dried in an air forced drying oven at 60°C for 3 days for chemical analysis.
Also, an ileal digestibility trial was conducted to compare the ileal digestibility of amino acids in the tested protein sources: SDPP, DPS, SPC and RPC. A total of 20 castrated piglets (Landrace×Yorkshire×Duroc; 21 d-old; 5.20±0.14 kg initial body weight) were used in a completely randomized design and housed in individual cages. Of the pigs, four were assigned to collect ileal digesta for endogenous amino acid excretions. After one day of fasting, pigs were fitted with a T-cannula in the terminal ileum according to the method suggested by Walker et al. (1986) . Semi-purified, iso-nitrogenous (18% CP) diets were formulated with each protein sources to be tested, a N-free diet was also prepared, and each pig was fed a restricted amount of feed (5% of the body weight/day) three times daily. From the sixth day post-surgery, digesta was collected for 4 days. The collected samples were immediately frozen at -80°C, freeze dried (Samwon Inc., Korea), ground in a 1 mm-mesh Wiley Mill, and stored in a refrigerator until analysis.
In expt. II, a total of 160 weaning pigs (Landrace× Yorkshire×Duroc; 21 d-old; 5.65±0.35kg initial body weight) were used in a 5-week feeding trial to determine the optimal inclusion level of RPC in the diet. Piglets were allotted to four treatments (4 replicates/treatment) on the basis of sex and body weight (gender ratio was 50:50). Treatments were control (9% SPC, 0% RPC), and three levels of RPC instead of SPC in the diet were formulated by replacing SPC on equal basis (3, 6 and 9 %), respectively. Iso-caloric and iso-nitrogenous diets (mash) were formulated to contain 1.65 and 1.45% lysine for phases 1 and 2, respectively.
Chemical and statistical analyses
Proximate analysis was conducted according to procedures detailed in AOAC (1990). Gross energy and chromium were measured with an adiabatic bomb calorimeter (Parr 1241, Molin, IL) and a spectrometer (Contron 942, Italy), respectively.
Following acid hydrolysis in 6 N HCl at 105°C for 24 h, amino acid concentrations were analyzed by using a HPLC (Waters 486, USA). Sulfur containing amino acids was analyzed after cold performic acid oxidation (Moore, 1963) overnight and by subsequent hydrolysis.
Statistical analysis was carried out by comparing means according to Duncan's multiple range test (Duncan, 1955) , by using General Linear Model (GLM) procedure of SAS (1985) package program. Data were analyzed as a randomized complete block design. For expt. II a linear and quadratic effects were also measured. Pigs were blocked by initial weight with pen as the experimental unit. Individual piglets for an ileal digestibility trial were used as the experimental unit.
RESULTS
Amino-acid profiles of RPC
Crude protein and amino acid contents in tested protein sources are presented in Table 2 . Crude protein contents of SDPP, DPS, SPC and RPC were 77.85, 31.00, 64.00 and 73.00%, respectively. The ratio of total essential amino acid (TEAA) to CP (%) was similar between SPC and RPC (55.14 vs. 53.53%). Among essential amino acids, RPC is low in lysine content but high in sulfa-amino-acid (methionine+cystine) content as compared with SPC.
Growth performance
The effects of feeding RPC on ADG, ADFI and FCR as compared with animal proteins and SPC are presented in Table 3 . During phase 1, pigs fed SDPP showed better (p<0.05) ADG and FCR compared with those fed SPC or RPC, while there was no difference in ADFI among treatments. During phase 2, however, pigs fed DPS showed lower (p<0.05) ADG than those fed SPC or RPC. FCR was also poorer (p<0.05) in the DPS fed pigs than in the SPC fed group. During the total period, there were no significant differences in ADG, ADFI and FCR among treatments.
The growth performance of pigs fed diets containing graded levels of RPC is shown in Table 4 . During phase 1, there were no significant differences in ADG, ADFI and FCR among treatments. During phase 2, ADFI was linearly (p=0.037) increased as dietary RPC level was increased, though no significant differences were detected in ADG and FCR among treatments. A similar trend was observed in growth performance during the total period.
Digestibility of nutrients
Apparent fecal digestibility of nutrients for the experimental diets used in expt. I is presented in Table 5 . In the phase 1 diet, the digestibility of dry matter and crude protein was higher (p<0.05) in pigs fed diets containing SDPP than those fed SPC or RPC. However, pigs fed a diet with DPS showed lower (p<0.05) digestibility of dry matter and crude protein as compared with those fed SPC or RPC. There were no significant differences in digestibility of DM, energy and protein between diets containing SPC and RPC.
The apparent and true ileal digestibility of amino acids for SDPP, DPS, SPC and RPC are presented in Table 6 . The apparent ileal digestibilities of his, lys, phe, thr and met were not different among the tested protein sources. The ileal digestibilities of arg, ileu, leu and val were lower (p<0.05) in RPC than SDPP. The mean apparent digestibility of essential amino acids was higher (p<0.05) in SDPP than DPS and RPC, while there was no difference between SPC and RPC.
The true ileal digestibilities of arg and leu were lower (p<0.05) in RPC than SDPP and SPC. However, that of met was higher (p<0.05) in RPC than SDPP. The mean true digestibility of essential amino acids was lower (p<0.05) in RPC and DPS than SDPP, while there was no difference between SPC and RPC.
DISCUSSION
Rice itself is low in protein content (9.9±1.8%) (Grist, 1983) , however, the crude protein content in RPC is very high. It is higher than in SPC (73 vs. 64%). The amino-acid profiles of RPC are also excellent, compared with SPC. Sulfur-containing amino acids (methionine+cystine) are substantially higher, compared with SPC (4.52 vs. 1.90%), while lysine content is low (2.6 vs. 4.2%). Other essential amino acid contents are very similar between RPC and SPC. As reported by several workers (Pecora and Hundley, 1951; Hoseney, 1994) , lysine is the first limiting amino acid in RPC. Pecora and Hundley (1951) have shown that a diet containing 90% milled rice is markedly improved by the addition of lysine.
Between the SPC and RPC groups, there was no difference in growth performance, such as ADG, ADFI and FCR (expt. I). There were little differences in growth performance in pigs when SPC was replaced by RPC up to 9% in the complex starter diet (expt. II). During phase II and overall study in experiment II, the ADFI was significantly higher (p=0.037 and p=0.029, respectively) in 9% RPC added diet than SPC in control diet. A linear trend was noticed with respect to ADFI during these phases of study. Also, apparent and true ileal digestibilities of amino acids in young pigs were quite similar between the two plant protein sources. True ileal digestibility of limiting amino acids (lys, met and thr) in pigs was also similar. The digestibility of rice protein is high. It was reported that rice protein is almost 100 percent digestible in growing rats (Eggum and Juliano, 1975) , even though cereal proteins are less digestible than animal proteins such as egg and milk protein (WHO, 1985) .
Digestibility of protein is associated with ANFs in the feedstuffs. Rice grain also contains ANFs such as phytate, trypsin inhibitor, and haemagglutinins. However, these ANFs are concentrated in the bran fraction (Juliano, 1985) . It is known that there is no ANFs in RPC, because it is extracted from milled rice (Anonymous, 2003) .
Specially processed soy products such as SPC and ISP are established protein sources in weaning pigs diet (Giesting et al., 1985; Sohn et al., 1994; Chae et al., 1999) . They reported that pigs fed SPC or ISP has equal or better growth performance than those fed dried skim milk. The ability to utilize the soybean protein from the soy products could be a means of reducing the inclusion rate of expensive animal proteins (like milk proteins) in young pig diets. Feeding processed soy protein to weanling pigs increased growth performance, nutrient digestibility and apparent ileal digestibilities of DM, N and most amino acids were also reported by Min et al. (2004) .
As mentioned, our data indicate that SDPP is an excellent protein source in the prestarter diet. Pigs fed a diet containing SDPP showed better ADG and FCR than those fed SPC or RPC. This result is well consistent with previous reports (Gatnau and Zimmerman, 1991; Ermer et al., 1994;  Kats et al., 1994; Chae et al., 1999) . In their study, feed intake was mostly improved when SDPP was included in the phase 1 diet, resulting in improved ADG. However, in this study feed intake was not increased in pigs fed the SDPP diet. The reason of better growth performance in pigs fed SDPP than in those fed RPC or SPC remained obscure, although feed intake was not affected by protein sources. It is probably assumed that ADG was improved in pigs fed SDPP due to increased nutrient digestibility. As shown in Table 5 , digestibility of dry matter and crude protein was higher in the SDPP diet than in the SPC or RPC diets. A similar trend was found in the ileal digestibility of amino acids in the tested protein sources (Table 6 ).
In addition to the digestibility of nutrients, evidence from research with SDPP (Zimmerman, 1998; Kim et al., 2001) suggests that immunoglobulins in plasma protein were responsible for the positive effect on ADG. Gatnau et al. (1995) and Pierce et al. (1995) also conducted experiments with three fractions of SDPP to evaluate the mode of action of SDPP in weaned pigs. Both groups concluded that the beneficial effects from SDPP appeared to be associated with the IgG fraction containing growth-stimulating factors.
On the other hand, pigs fed DPS showed poorer ADG than those fed SPC or RPC during the phase 2 period. This was due to decreased feed intake as compared with SPC or RPC. In young pigs, though SDPP can be partially substituted with DPS (Zimmerman, 1998) , the feeding value of DPS is lower than SDPP when it is included separately in the diet (Kim et al., 2000; Kim et al., 2001) . In this study, pigs fed a diet containing DPS showed lower feed intake as compared with those fed diets containing SPC or RPC. It is assumed that reduced feed intake in pigs fed DPS during phase 2 was due to abrupt changes in a diet from SDPP to DPS, resulting in lower ADG. Also, digestibilities such as dry matter, crude protein and amino acids were lower in the diet containing DPS than SPC or RPC.
Based on our experimental results, RPC would replace SPC in the complex prestarter diets. RPC is somewhat cheaper than SPC in the formulation of weaner diets. 
